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Problem 1 (a) Calculate the image of the se¬ 

quence (3,0,2) under Godel numbering and show your 
work. If this image does not exist, prove it. 


Answer: 

CL 

4 


o-r\ 


or. s *5 




rXr\ 
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= 10 




1 GooO | 


.(b) Calculate the pre-image of the number 2940 un¬ 
der Godel numbering and show your work. If this 
pre-image does not exist, prove it. 

Answer: 




10 ° - 


S-'b ‘ 9- 

2, V _ I 

2-^-3 


= 


1 


Q\ASVb ^-0 \ 


\ 
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(c) Calculate the pre-image of the number 3850 under 
Godel numbering and show your work. If this pre¬ 
image does not exist, prove it. 

Answer: 



- « to = 


S S' 


(Vc-f Gfo 


FIRST NAME: 


(d) Let m be the image of the sequence 

a. *) S' 1 P l'b 

S = (x\,X2,X3,X 4 ,X^,Xe) 


under Godel numbering. Represent the pre-image of 
the number 78 m as a function of the (components of) 
sequence s. If such a representation does not exist, 

prove it. 

Answer: 


<VA 


<3 » 


- I'b 


Of - 




1 


(e) Let n be the image of the sequence 


(xi,X2,X3,X4) 


under Godel numbering. Represent the image of the 


sequence 




\ W 


(x\-\~2, X 2 4-1, #3, ^4) 1) 
as a function of n. If such a representation does not 


exist, prove it. 

Answer: 


at 
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Problem 1 (a) Calculate the image of the se¬ 

quence (5,0,1) under Godel numbering and show your 
work. If this image does not exist, prove it. 


I,AST NAME: 


FIRST NAME: 


Answer: 




t\ + \ 

3 " 


(d) Let n be the image of the sequence 


(x\,X2,X3,Xi) 


a G - b> 



„ \0 -0 




sequence 


oo] 


(b) Calculate the pre-image of the number 2730 un¬ 
der Godel numbering and show your work. If this 
pre-image does not exist, prove it. 

Answer: 


under Godel numbering. Represent the image ot the 

0, ^ T 1 " 

(xi + 1, X2, 2:3 + 1, X 4 , 2) 

as a function of n. If such a representation does not 
exist, prove it. 

Answer: t) 

^ . 'i - s * " 

_ \\ • VM 


- lO'Y * 

•=- \Ov • 


1vb\ 


grbo » >°“ Qn ' 2 ^ = 




\Kb 


'biO 
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(e) Let m be the image of the sequence 

L b > 1 rt 

S = (X 1 ,X 2 ,X 3 ,X 4 ,X 5 ,X 6 ) 




(c) Calculate the pre-image of the number 6930 under 
Godel numbering and show your work. If this pre¬ 
image does not exist, prove it. 

Answer: 


under Godel numbering. Represent the pre-image of 
the number 143 m as a function of the (components 
of) sequence s. If such a representation does not exist, 

prove it. 

Answer: 
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Problem 2 Let L be the language defined by the 
regular expression: 


I,AST NAME: 

FIRST NAME: 


( cd U baa U (c (c U d ) c)*) (c (da)* U bd*a)* 

(a) Draw a state-transition graph of a finite automa¬ 
ton that accepts the language L. If such an automa¬ 
ton does not exist, state it and explain why. 


Answer: 


(c) State the cardinality of the set L. (If L is a finite 
set, state the exact number of elements of L. Other¬ 
wise, state that L is infinite and specify whether it is 
countable or not.) 

Answer: , 

1O _^ 



(b) Write a complete formal definition of a context- 
free grammar that generates the language L. If such 
a grammar does not exist, state it and explain why. 

Answer: 


Q. Oi,£.> 
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Problem 2 Let L be the language defined by the 
regular expression: 


(a ( b U c)* U db*c)* (ab U dec U ( abaa )*) 

(a) Write a complete formal definition of a context- 
free grammar that generates the language L. If such 
a grammar does not exist, state it and explain why. 


Answer: 


Q^Cm v S-\' I ^ 


\J 


. A \ ^ \ 


^ ^ ' v-i, 

d 0 'd 



(c) State the cardinality of the set L. (If L is a finite 
set. state the exact number of elements of L. Other¬ 
wise, state that L is infinite and specify whether it is 

countable or not.) 

Answer: 


\V 


Ccu \a-V« 





A 


G 4'Vv 






b) Draw a state-transition graph of a finite automa- 
on that accepts the language L. If such an automa- 
on does not exist, state it and explain why. 


Answer: 
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T AST NAME: 


Problem 3 Let L\ be the set of exactly those strings over the alphabet {a, b, c} whose length is not grea 

LeTl /2 be the set of exactly those strings over the alphabet {a, b , c} where the number of a’s is not less than 2. 
(a) Write a regular expression that represents the language L x . If such a regular expression does not exist, 
state it and explain why. 

A " SWer: o c o4C\Co, 







(b) Write a regular expression that represents the language L 2 . If such a regular expression does not exist, 
state it and explain why. 


Answer: 




4«- 


(c) Write a regular expression that represents the language i, U U- If such a regular expression does not 
exist, state it and explain why. 

Answer: 


(V) u C.' s y^~ o_ C Vs o C c, to o vj > 

(d) Vite a regular expression that represents the language 1,1,. If such a regular express,on does not ex,st, 
state it and explain why. 

Answer. u C (c,o\huC U^)[d Jo V C 

otiue o \?v > 

(e) State the cardinality of the set L x . (If L x is finite set, state the exact number of elements of L x . Otherwise, 
state that L\ is infinite and specify whether it is countable or not.)^ 

Answer: + ^ <3 ^ Q") 



oCVJ 



,f) State the cardinality of the set i,. (If L 2 is a finite set. state the exact number of elements of 4,. Otherwise, 
state that L 2 is infinite and specify whether it is countable or not.) 

Answer: ~ e ^ VtJ 





V\ 




W 


4 c t 



, ,• !•* (t i„ r* CTf f* i« a finite set state the exact number of elements of L\. 

(g) State the cardinality of the set L x . (It L x is a nmte sei, si 

Otherwise, state that L\ is infinite and specify whether it is countable or not.) 

Answer: , \ ^ \ _ - J QC^U U I 


r \ \ 4 


Qw 



fh) State the cardinality of the set V(L 2 ) (set of subsets of L 2 ). (If V(L 2 ) is a finite set. state the exact 
iuLber of its elements. Otherwise, state that V(L 2 ) is infinite and specify whether it is countable or not.) 

Answer: - '• evd l 
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I,AST NAME: 


FIRST NAME: 


Problem 3 Let L\ be the set of exactly those strings over the alphabet {a, b, c} whose length is equal to 

3 or 4. „ 

Let L 2 be the set of exactly those strings over the alphabet {a, b , c} where the number of c s is not ess t an 

(a) Write a regular expression that represents the language L\. If such a regular expression does not exist, 

state it and explain why. 




Kaobo <L 


CX VJ 'O ° 

# 

(b) Write a regular expression that represents the language £ 2 - If such a regular expression does not exist, 
state it and explain why. 


Answer: 


, > \ r \ S 

clC CX\JcT) ^ Ccx oC bCJ 


(c) Write a regular expression that represents the language L\L\. If such a regular expression does not exist, 
state it and explain why. 

fa JooC^Cc. Jouc)« 

(oo'oudY ^^ 0 Cu 

(d) Write a regular expression that represents the language L\ U L 2 . If such a regular expiession c oes 
exist, state it and explain why. 

“X e.\(= X it rx.»; fcXc-oA^ o^ 

state that L\ is infinite and specify whether it is countable or not.) 


O 


Answer: 


< 2 ? 





ol 


—lo 


(f) State the cardinality of the set L 2 . (If L 2 is a finite set, state the exact number of elements of L 2 . Otherwise, 
state that L 2 is infinite and specify whether it is countable or not.) 

Answer: )ul t v> ( 4 e c,/vx 

(g) State the cardinality of the set V{L 2 ) (set of subsets of L 2 ). (If V{L 2 ) is a finite set, state the exact number 
of its elements. Otherwise, state that V{L 2 ) is infinite and specify whether it is countable or not.) 

Answer: \ ^ ^ UO/CcJl/V 



Ui 



■(h) State the cardinality of the set L\. (If L\ is a finite set, state the exact number of elements of L\. 
Otherwise, state that L\ is infinite and specify whether it is countable or not .) 

Answer: * U r <-1 



y whether it is couniaoie 01 nuu.j 

of PcA.Tff'Xk,!^. 
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(b) Draw a state-transition graph of a finite automa¬ 
ton that accepts the language L 2 . If such an automa¬ 
ton does not exist, state it and explain why. 


(e) Draw a state-transition graph of a finite automa¬ 
ton that accepts the language L 2 (the complement 
of L 2 .) If such an automaton does not exist, state it 

and explain why. 1 

Answer: ^ 


v ^ 


- Problem 4 Let L\ be the set of exactly those 
strings over the alphabet {a,b,c,d} whose length is 
divisible by 3. 

Let L 2 be the set of exactly those strings over the 
alphabet {a, b, c, d} where the total number of c’s and 
cfs (together) is odd. 

(a) Draw a state-transition graph of a finite automa¬ 
ton that accepts the language Li. If such an automa¬ 
ton does not exist, state it and explain why. 

Answer: 

a ^o,c 

7 


LAST NAMEj 

FIRST NAME: 


(d) Draw a state-transition graph_of a finite automa¬ 
ton that accepts the language L\ (the complement 
of L\.) If such an automaton does not exist, state it 

and explain why. 


Answer: 




e 


\ 


(c) Draw a state-transition graph of a finite automa¬ 
ton that accepts the language Li n L 2 . If such an 
automaton does not exist, state it and explain why. 
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Problem 4 Let L\ be the set of exactly those 
strings over the alphabet {a, b, c, d} whose length is 

odd. 

Let L 2 be the set of exactly those strings over the 
alphabet {a, b , c, d } where the total number of a’s and 
c’s (together) is divisible by 3. 

(a) Draw a state-transition graph of a finite automa¬ 
ton that accepts the language L\. If such an automa¬ 
ton does not exist, state it and explain why. 



l.AST NAME: 


(d) Draw a state-transition graph_of a finite automa¬ 
ton that accepts the language L\ (the complement 
of L\.) If such an automaton does not exist, state it 

and explain why. 

Answer: . 

cx N Vo,C N ol 



(b) Draw a state-transition graph of a finite automa¬ 
ton that accepts the language L 2 . If such an automa¬ 
ton does not exist, state it and explain why. 

Answer: \ g, _ cA 

• ay 




(e) Draw a state-transition graph_of a finite automa¬ 
ton that accepts the language L 2 (the complement 
of L 2 .) If such an automaton does not exist, state it 

and explain why. ' (2 i 

\o^°i 


Answer: 


y 


(c) Draw a state-transition graph ol a finite automa¬ 
ton that accepts the- language 

automaton does not exist, and explain why. 

Answer: 
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Problem 5 Let L be the set of exactly those 
strings over the alphabet {a, fr, c} which satisfy all 
of the following properties: 

1. begins and ends with the same letter; 

2. contains exactly two c’s. 

(a) Write a regular expression that represents the 
language L. If such a regular expression does not 
exist, state it and explain why. 

Answer: .. . % > 


T.AST NAME: 



(c) Write a complete formal definition of a context- 
free grammar that generates the language L. If such 
a grammar does not exist, state it and explain why. 

Answer: 


oJLaoCTe 


O 


^>{cy 


(a obS* c.Cq Jof b 





L? 


dip KJ 


X 





k 0.0 C-O 

V 

(d) Draw a state-transition graph of a finite automa¬ 
ton that accepts the language L n c*. If such an 
automaton does not exist, state it and explain why. 


v5\\ 
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Problem 5 Let L be the set of exactly those 
strings over the alphabet {a, b, c} which satisfy all 
of the following properties: 


LAST NAME: 

FIRST NAME: 


1. first letter is either a or 6; 

2. last letter is either b or c; 

3. first letter is different from the last letter; 

4. contains exactly two c’s. 

(a) Write a regular expression that represents the 
language L. If such a regular expression does not 
exist, state it and explain why. 

Answer: 


(c) Write a complete formal definition of a context- 
free grammar that generates the language L. If such 
a grammar does not exist, state it and explain why. 

Answer: 


a- -V 
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CL 
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(d) Draw a state-transition graph of a finite automa¬ 
ton that accepts the language LHoc*. If such an 
automaton does not exist, state it and explain why. 

Answer: 


(b) Draw a state-transition graph of a finite automa¬ 
ton that accepts the language L. If such an automa¬ 
ton does not exist, state it and explain why. 
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Problem 6 Let Li,L 2 be languages over the al¬ 
phabet {a, b , c, d, g, e}, defined as follows: • 


LAST NAME: 


FIRST NAME: 


Li = {g zk e 2 l +3 d 2( <?l +l b l a k } 


L 2 = { c 2m+3 a 3m+1 d 2 " g j+2 e 3p b j+1 } 

u- 


(c) Write a complete formal definition of a context- 
free grammar that generates (L\ U L 2 )*. If such a 
grammar does not exist, state it and explain why. 


i— 


where m, j, n, p, i, k, i, t > 0. 

(a) Write a complete formal definition of a context- 
free grammar that generates L \. If such a grammar 
does not exist, state it and explain why. 

Answer: 




CL 

<5L - \ 

\) •=- L 'a 


- ^ K C v c» v“\ a 




A 

\ T 


1> 


A i-i 

S - c i 4 A 

W 




fc 





■'b 





ihM 0 


T> -V 
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•(b) Write a complete formal definition of a context- 
free grammar that generates If such a grammar 
does not exist, state it and explain why. 

Answer: 


Cm 


\ 






t-\ 






1 


c\ 






(d) Write a complete formal definition of a context- 
free grammar that generates L\ U Z^. If such a giam- 
mar does not exist, state it and explain why. 

Answer: x 

\ u ^ \ s\ 

r, WL3J 


V , 

M-rt> 



\ 




'V, 
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'V 
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\T\ 
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4QcV 1 \bt> 



dd P w v , 
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r 1 

ee |V\ ee ^ 
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Problem 6 Let Li,L 2 be languages over the al¬ 
phabet {a,b,c,d,g,e}, defined as follows: 


L l = {a 3m+2 c 2m+1 e 2v gd j+2 } 


V- 


k „2i+l ^2t+3 _3fc 


U = {b K g^ v ^e 


cFc 3fc } 


(c) Write a complete formal definition of a context- 
free grammar that generates L\ U L^. If such a giarri- 
mar does not exist, state it and explain why. 




where m, j, n, p, i, /c, £ > 0. 

(a) Write a complete formal definition of a context- 
free grammar that generates L\. If such a grammar 
does not exist, state it and explain why. 

Answer: 


Answer: 

G~-(\bb 
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£4-,S<V*>.3 3 


< a ' a " T f,», 

\ w 1 ' 
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_ .r^ tK 0 \o 

i\ c 
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(b) Write a complete formal definition of a context- 
free grammar that generates L 2 . If such a grammar 
does not exist, state it and explain why. 

Answer: \ 

Ct a 

-b V- * 
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eco 
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-v 







3 ee 


J \ 
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^>jc |V&F> 

(y-%. A 

e < s 3 M s X 
bTTvC- C \ 

Write a complete formal definition of a context- 
ree grammar that generates ( L\ U L2) • If such a 
grammar does not exist, state it and explain why. 

Inswer: VT —^ \ 

U d<fQ 

peTl \c«-<2— 



3 





^ =1^\W L C v a '2 


^ ' k "T~ "CT \\ 3] 

V\ 
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1 

5^Mb>0 

(h-» cxc^Jd CC 

c. cc \ 
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Problem 7 Let L be the set of exactly those 
strings over the alphabet {a, 6, c, d } which satisfy all 
of the following properties. 

1 the string is a concatenation of lour non-empty 
palindromes; 

2. three of the four palindromes have an odd length; 

3. one of the four palindromes has an even length; 

4. the four palindromes may appear in any order; 

5. the middle symbol of each of the thiee odd- 
length palindromes is different from d\ 

6. the middle two symbols of the even-length palin¬ 
drome are different from a. 


FIRST NAME: 


Write a complete formal definition of a context-free 
grammar that generates the language L. If such a gi am- 
mar does not exist, state it and explain why. 

Answer: 


G 






c \ ^ 


\) 

4 '. 


















. , LAST NAME:_ 

Problem 7 Let L be the set of exactly those 

strings over the alphabet {a,6, c} which satisfy all first NAME: 

of the following properties. 

1. the string is a concatenation of four non-empty 
palindromes; 

2. three of the four palindromes have an even length; 

3. one of the four palindromes has an odd length; 

4. the four palindromes may appear in any order; 

5. the middle symbol of the odd-length palindrome 
is different from a; 

6. the middle two symbols of each of the three 
even-length palindromes are different from d. 


Write a complete formal definition of a context-free 
grammar that generates the language L. If such a gram¬ 
mar does not exist, state it and explain why. 


Answer: 





v 







